Summary
Hydrocarbon exposure has been shown to play an important role in the development of renal dysfunction in several occupational settings. In this study, renal screening was performed in a group of paint sprayers with exposure to hydrocarbonbased paints, recruited from a car manufacturing plant where personal protective equipment was widely used. The hydrocarbon exposure scores and various markers of renal injury were compared between these subjects and a group of paint sprayers from a previous study who did not use personal protective equipment regularly. Cumulative hydrocarbon exposure scores were calculated from a validated questionnaire. Serum creatinine, urinary total protein, albumin, transferrin, retinol-binding protein, and N-acetylglucosaminidase were evaluated. Both groups experienced heavy hydrocarbon exposure but sprayers who regularly used personal protective equipment had significantly reduced exposure scores due to improved skin and respiratory protection. A significant number of sprayers from both groups had elevated levels of serum creatinine. Interestingly, urinary N-acetylglucosaminidase activity, a marker of proximal tubular damage, was abnormal in a significant proportion of sprayers in the unprotected group but normal in those with improved protection.
Our results are in keeping with the hypothesis that hydrocarbon exposure through paint spraying may result in active proximal tubular damage which may be reduced by improvement of protection at the worksite. However, renal impairment independent oftubular injury may result from chronic paint exposure, even with improved protection.
Keywords: hydrocarbon; nephrotoxicity; N-acetyl glucosaminidase Many hydrocarbons have been shown to be renal tubulotoxins but epidemiological casecontrol studies have suggested a causal link between the development of glomerulonephritis and chronic hydrocarbon exposure. Several cross-sectional studies`7 have described an association between glomerular and renal tubular disturbances and worksite hydrocarbon exposure. However, the pathomechanism of hydrocarbon-induced nephropathy remains unclear. In addition, it is not known whether minimising exposure can reduce or reverse renal injuries.
In order to investigate further the pathomechanism of hydrocarbon induced nephropathy, we have quantitated the hydrocarbon exposure score in a group of car sprayers (group 2) using a detailed and validated occupational questionnaire,8 with a detailed assessment of their working environment and protection and compared the results with a comparable group of historic controls (group 1) who less frequently experienced respiratory and dermal protection. 9 Early markers of renal dysfunction such as urinary total protein, albumin, transferrin, retinol-binding protein, N-acetylglucosaminidase, and serum creatinine were also compared between the two groups.
Materials and methods
The two groups of car sprayers worked in two different major car manufacturing plants in the Northwest of England. Group 1 (car plant 1) comprised 1 12 healthy paint sprayers and group 2 (car plant 2) comprised 47 healthy paint sprayers. A group of 92 press shop workers, who also worked at car plant 1 and who had minimal background hydrocarbon exposure was used as internal controls (group 3). All workers who were eligible consented to the study which was approved by the local ethical committee. Subjects with prior significant lead or heavy metal exposure and those with hypertension, diabetes mellitus, or renal disease were excluded. Subjects who were currently taking medication, including analgesics, or who had a past history of regular analgesic consumption were also excluded from the study.
All subjects underwent a brief medical examination. Blood pressure, height, weight and urinalysis results were recorded and all sprayers were assessed for cumulative hydrocarbon exposure score using a validated questionnaire. 89 In order to avoid any recall bias, none of the subjects had any prior knowledge of the content of the questionnaire. The questionnaire comprised four parts. Part 1 enquired about the types of activities (occupational and hobbies) Hydrocarbon exposure scores were estimated as the products of the appropriate intensity factor and the total number of hours of exposure to the individual classes of hydrocarbon.
For the purpose of this study, an intensity factor of two (non-protective occupational painting) has been used for the calculation of exposure score for both groups of paint sprayers. However, for group 2 sprayers, the intensity factor was adjusted to 1 for the period 1991 until the time of study in 1995, during which time compulsory use of personal protective equipment was in force.
Each subject provided a blood sample and a timed (3-4 h) urine collection on the morning of the interview. Serum and urinary creatinine was measured using an automated method based on that described by Jaffe in 1886. Urine parameters were measured and corrected per mmol creatinine excretion. Total urinary protein was measured using an automated version of the Coomassie dye binding assay. Urinary albumin was determined using an immunoturbidometric assay. Urinary N-acetylglucosaminidase was determined by an enzyme assay using p-nitrophenol-linked substrate. Urinary transferrin was measured by a latex-enhanced, homogenous competitive immunoassay. Retinol-binding protein was measured by an enzyme-linked immunosorbent technique. All assays were subject to internal quality assurance schemes.
The findings of this study was compared to those of a previous study of 112 car sprayers (group 1) who were comparable in age and duration of employment and drawn from the same residential area. A group of press shop workers (group 3) were used as internal controls.
The reference ranges of all of the parameters were derived from laboratory reference statis- (table 1) . Despite the greater range of duration of employment in group 2 sprayers, the 95% confidence interval for the mean was 14.5-19.1, so most sprayers had similar overall duration of paint exposure.
Both groups of sprayers had significant exposure to occupational paints. However, the exposure score of group 2 was significantly lower than that of group 1 (p= 0.0002) due to their improved worksite protection (widespread use of heavy duty overalls, thick gloves, barrier cream, and most importantly, air-fed mask for airway and face protection) for four years prior to the study. In group 1, in many instances, air-fed masks, if provided, were infrequently worn and the protection offered by gauze masks was minimal.
One subject in group 2 had dipstick haematuria and three others had dipstick proteinuria compared to seven subjects in group 1 with dipstick haematuria and four with proteinuria.
The prevalence of abnormal results in each group estimated from laboratory reference values are shown in table 2. A significant proportion of sprayers were shown to have elevated serum creatinine above 100 gmol/l (12/112 from group 1 and 8/47 from group 2).
In addition, elevated proteinuria was observed in both groups (12/112 from group 1 and 6/47 from group 2).
Urinary N-acetylglucosaminidase activity was abnormal in a significant proportion of sprayers in group 1 while it was not significantly different from control in those with group.bmj.com on May 2, 2017 -Published by http://pmj.bmj.com/ Downloaded from albumin concentration towards higher values in styrene-exposed subjects. In oil refinery workers exposed to low concentrations of a complex hydrocarbon mixture, urinary albumin and the brush border antigen BB-50 were increased.5 Hotz et a?' divided his study population into heavy, moderate and low hydrocarbon exposure based on a retrospective hydrocarbon exposure score similar to that used in our study, and demonstrated an increase in glycosaminoglycan excretion and fractional albumin clearance in the exposed groups compared to controls. More recently, a collaborative European study7 has assessed the renal effects of occupational exposure to perchloroethylene in dry cleaners using large battery of markers of renal damage, and indicated changes consistent with diffuse abnormalities along the nephron. It is interesting to observe the pattern of renal abnormalities in this study; a significant proportion of sprayers from both groups have elevated serum creatinine levels compared to controls, suggesting that renal impairment may result from chronic paint exposure.
The two groups of sprayers in our study were comparable in age and duration of employment, both of which might influence the renal parameters. However, group 2 sprayers had much improved protection at their worksite following compulsory introduction of air-fed masks with hand barrier cream and lined gloves for four years prior to this study.
Because sprayers ofboth groups used to have constant direct contact with paint products through inhalation and dermal absorption, an intensity factor of 2 had been used for the calculation of exposure score. However, as the group 2 sprayers had been using compulsory personal protective equipment for four years prior to this study, the intensity factor was adjusted to 1 during this later period of time for group 2.
Elevated urinary albumin and transferrin are usually indicative of early changes in the polyanionic glomerular basement membrane barrier or altered tubular handling of these proteins.'3 Only small rises in urinary albumin and transferrin were observed in both groups of sprayers. The elevated proteinuria in the present study probably represents other tubular enzymuria, lysozymes or renal tubular antigens not measured in this study. Indeed, a significant proportion of sprayers from group 1 were known to have elevated urinary leucine aminopeptidase and 'y-glutamyl transferase (brush border enzymes Some of the previous studies in this area can be criticised for the lack of clearly defined inclusion and exclusion criteria, and for not considering factors such as height and weight, blood pressure, analgesic intake, smoking, and alcohol consumption. In this regard, serum creatinine is related to individual's muscle mass. Cigarette smoking is associated with proteinuria,'0 and alcohol may affect hydrocarbon biotransformation and its renal effect. 2' 22 Analgesic consumption can interfere with tubular function"2 and cause renal impairment.24 Hypertension can cause glomerulotubular damage'6 25 independently. We have addressed these criticisms in the design of both sections of this study.
These data suggest that hydrocarboninduced proximal tubular injuries may be reduced by maximising protection at worksites. However, a significant proportion of sprayers from both groups had impaired renal function as evident from an elevated levels of serum creatinine. This finding suggests that while recent changes in personal environmental protection may be beneficial, longer term renal problems may remain in a proportion of people.
It appeared that hydrocarbons may be responsible for a diverse effect on the glomeruli and renal tubules in susceptible individuals. Renal impairment following chronic hydrocarbon exposure may be irreversible or slow to improve, unlike tubular injuries, as reflected in urinary N-acetylglucosaminidase excretion, which perhaps resolve more rapidly when solvent exposure is reduced by increasing protection.
Although it is still uncertain as to the long-term renal effects of hydrocarbons, various case-control studies have demonstrated an increased prior hydrocarbon exposure in subjects with chronic glomerulonephritis.' The constituents of paint have changed considerably over the years and it is difficult to incriminate specific 'hydrocarbons' in the causation of renal toxicity. The subtle abnormalities demonstrated in this study may act as adverse factors for potentially progressive renal diseases. Follow-up studies are necessary to assess the prognostic value of early renal changes detected in workers chronically exposed to organic solvents. 
